The genus Cytophaga was first described for aerobic cellulose-degrading bacteria by Winogradsky (3 1). Subsequently, this taxon was expanded to include organisms which degrade other biomacromolecules, such as agar and/or chitin (17, (23) (24) (25) (26) . However, several taxonomic investigations (3, 4, 8, 14, 21) revealed unreasonable overlapping of phenotypic and chemotaxonomic characteristics between members of the genera Cytophaga and Flavobacterium, which formed a taxon that came to be called the Flavobacterium-Cytophaga complex. The genera Cytophaga and Flavobacterium, along with the genera Bacteroides and Flexibacter and other genera, constitute one phylum of bacteria (33) as determined by cataloging (16) and sequencing (31) of 16s rRNA. Intra-and intergeneric relationships between members of the Flavobucterium-Cytophaga complex have gradually been elucidated by studying 16s rRNA sequences (6, 12, 13, 29, 34) and DNA-rRNA hybridization data (1, 19, 20) . These studies have revealed that phylogenetically the genera Cytophaga and Flavobacterium could be divided into several groups, some of which included both Cytophaga and Flavobacterium species and some of which were elevated to genus rank. Vandamme et al. (28) proposed the genus ChTseobacterium for the Flavobacterium gleum group, the genus Bergeyella for Weeksella zoohelcum, and the genus Empedobacter for Flavobacterium breve. However, many misclassified cytophagas and flavobacteria remain. In this paper, the basis of the results of a study on comparative analysis of 16s rRNA sequences and a phenotypic examination of 62 strains belonging to the Flavobacterium-Cytophaga complex and related genera, we propose that the genus Cytophaga should be emended and that type species) and Marinilabilia agarovorans comb. nov., respectively.
Most of the strains which we used are type strains; the only exceptions were Cytophaga sp. strain L-43-1-N and Flexibacter maritimus JCM 8137. Cytophaga sp. strain L-43-1-N and Flexibacter maritimus No. 449T (T = type strain) were provided by H. Kojima (Japan Leather Research Institute, Tokyo, Japan) and H. Wakabayashi (The University of Tokyo, Tokyo, Japan), respectively. The other strains which we used were obtained from culture collections. The procedures used to determine the quinone systems and the sequences of 16s rRNAs have been described previously (12). Our sequencing experiments generated a continuous stretch of sequence from position 100 to position 1375 (Escherichia coli numbering system). The 16s rRNA sequences which we determined and other sequences were compared as follows. Sequences determined in this study and previous studies (12, 13) and obtained from previously published papers (6, 15, 29, 31, 34) were aligned with the sequence of Cytophaga hutchinsonii DSM 1761, the type strain of the type species of the genus Cytophaga. Escherichia coli (2) was included as an outgroup. The software package Clustal V (9) was used to generate similarity values and evolutionary distances (K,,, values) (1 1) and to reconstruct a phylogenetic tree by the neighbor-joining method (18) from the K,,, values. Positions at which the secondary structures varied in the strains (positions 179 to 220, 447 to 487, 837 to 849, 991 to 1045, and 1134 to 1140) were not included in the analysis. The total number of nucleotides compared was 835 after we eliminated all sites which were not determined in any sequence. The topology of the tree was evaluated by the bootstrap resampling method ( 5 ) with 1,000 replicates. If the confidence limit for a group as determined by the bootstrap resampling method was more than 95%, the group was considered statistically significant (5).
The respiratory quinones identified in this study were menaquinone 6 (MK-6) and MK-7; MK-6 was found in BeTqella zoohelcum NCTC 1 1660T, Flavobacterium branchiophilum No. 270T, and Flexibacter maritimus No. 449T, and MK-7 was found in Flexibacter elegans IF0 1 50ST, Flexibacter Jiliformis IF0 15056T, and Flavobacterium yabuuchiae I F 0 14975T. The iso- prenoid quinones of the members of the Flavobacterium-Cytophaga complex and related genera which are characterized by containing MK-6 and/or MK-7 are summarized in Table 1 . The strains of Bacteroides species are characterized by containing MK-6, MK-7, MK-9, MK-10, MK-11, MK-12, or MK-13, and Porphyromonas strains are characterized by containing MK-9 or MK-10 (35). The major isoprenoid quinones of Bacteroides splanchnicus and Rikenella microfusus are MK-9 and MK-8, respectively.
The reconstructed phylogenetic tree revealed the extreme heterogeneity of this group of bacteria (Fig. 1) . The genera Cytophaga, Fluvobacteriurn, and Flexibucter all are polyphyletic and should be redefined and divided into several genera based on phylogenetic relationships. The species assigned to each of these genera belong to several lineages which are only remotely related to each other at the genus level. Once discriminating phenotypic characteristics have been identified, these phylogenetic lineages should be reclassified in new or previously described genera.
The only species that was closely related to Cytophuga hutchinsonii, the type species of the genus Cytophaga, was Cytophaga aurantiaca (Fig. 1) . Our bootstrap analysis resulted in a confidence value of 100% for the group containing these two species. The level of 16s rRNA sequence similarity for these two species was 98.9%, and the levels of 16s rRNA sequence similarity between them and other members of the complex were less than 87.3% (Table 2 ). In addition to constituting an independent phylogenetic lineage, these two species have similar phenotypic characteristics; they both contain MK-7, inhabit terrestrial environments, and are able to degrade crystalline cellulose, which is the defining characteristic given in the original description of the genus (32) . On the basis of the facts described above, the genus Cytophaga should be confined to these two species, which have the distinguishing phenotypic feature of the genus, the ability to degrade cellulose as Reichenbach (17) discerningly suggested.
Cytophaga salmonicolor, Cytophaga agarovorans, and Cytophaga fermentans are marine, facultatively anaerobic species that contain MK-7. They are also characterized by having spermidine as their major polyamine, in contrast to most other species belonging to the complex, which contain homospermidine (7). Phylogenetically, Cytophaga salmonicolor and Cytophaga agarovorans occupy an independent position in this group of bacteria (Fig. 1) . They have exhibit a high level of 16s rRNA sequence similarity with each other (98.9%), but lower levels of similarity with Cytophaga fernentans (around 92%) ( Table 2 ). The grouping of Cytophaga salmonicolor and Cytophaga agarovorans is supported by a confidence value of 100%.
On the basis of phylogenetic, chemotaxonomic, and physiological data, we propose that the genus Cytophaga should be emended and that Cytophaga salmonicolor and Cytophaga agarovorans should be transferred to the genus Marinilabilia gen. nov. as Marinilabilia salmonicolor (Veldkamp 1961) comb. nov. and Marinilabilia agarovorans (Reichenbach 1989 ) (Cytophaga salmonicolor var. agrovorans Veldkamp 1961) comb. nov., respectively, in order to partially solve the taxonomic confusion surrounding this group of bacteria. Characteristics of the genus Marinilabilia and allied bacteria are shown in Table 1 .
Emended description of the genus Cytophuga Winogradsky 1929,577=, emend. Cells are short to moderately long flexible rods that are 0.3 to 0.5 pm wide and 2 to 10 pm long and have slightly tapered ends. Resting stages are absent. Motile by gliding. Gram negative. The cell mass is usually pigmented yellow to orange because of cell-bound carotenoids, flexirubin type pigments, or both. When covered with alkali (e.g., a 20% KOH solution [flexirubin reaction]), colonies may reversibly change color from yellow to purple-or red-brown. Oxidase positive and catalase negative. Strict aerobes. Chemoorganotrophs. Metabolism is respiratory. Organic acids may also be produced during growth. All strains decompose crystalline cellulose (filter paper). The optimum temperature is 20 to 30°C. The optimum pH is around 7. Common in soil. The major polyamine is homospermidine. The quinone is MK-7. The G + C content of the DNA is 39 to 42 mol%.
The type species is Cytophaga hutchinsonii. The other species in the genus is Cytophaga aurantiaca. These two species can be differentiated by the color of the cell mass, the flexirubin reaction, and the optimum temperature (17) .
Description of Murinilabilia gen. nov. Marinilabilia (Ma.ri.ni. 1a'bi.lia. L. adj. marinus, marine, pertaining to the sea; L. adj. labilis, gliding; M. L. fem. n. Marinilabilia, marine gliding organisms). The description of the genus Marinilabilia gen. nov. below is taken from the data of Reichenbach (17) and Veldkamp (30) and our own data. Cells are short to very long flexible rods with rounded or slightly tapered ends and are 0.3 to 0.5 pm wide and 2 to 50 p m long. Resting stages are absent. Motile by gliding. Gram negative. The cell mass is pale yellow to salmon (usually pink to salmon). Chemoorganotroph. Me- Nucleotide sequence accession numbers. The 16s rRNA sequence data which we determined have been deposited in the DDBJ, EMBL, GSDB, and NCBI nucleotide databases under the following accession numbers: D14016 for Chyseobacterium balustinum IF0 15053T, D14018 for Chryseobacterium meningosepticum IF0 12535T, D 14022 for Empedobacter brevis IAM 14197T, D14017 for Flavobacterium branchiophilum No. 270T, D14019 for Flavobacterium odoratum JCM 745gT, D14021 for Flavobacterium yabuuchiae I F 0 14975', (Flavobacterium yabuuchiae is now recognized as a junior subjective synonym of Sphingobacterium spiritivorum [27] ), D 14023 for Flaibacter maritimus No. 449rr, D 14026 for Sphingobacterium spiritivorum JCM 1277T, D14024 for Sphingobacterium mizutae IF0 14946T, D 14025 for Sphingobacterium multivorum I F 0 14947T, and D14020 for Sphingobacterium thalpophilum IF0 14963T.
